Mangaba (Hancornia speciosa Gomes) is a native fruit to Brazil of great importance in its areas of occurrence. The aim of the present study was to evaluate the physiological behavior of mangaba seeds submitted to desiccation. The survey was conducted in the Laboratory of Seeds Analyses of Embrapa Coastal Tablelands, Aracaju, SE, Brazil. The experimental design was completely randomized with five replicates of 25 seeds each. Seeds were submitted to treatments consisting of different drying times: 0 (control treatment), 24, 48 and 72 h. Seeds were placed in an oven with air circulation and temperature of 30ºC. The water content of seeds was determined and the germination test was used to evaluate the germination percentage, speed germination index and length and dry weight of seedlings. The seed water content decreased as a function of the drying periods, reaching 13% when seeds were submitted to 72 h of drying. Seeds submitted to drying periods up to 33 h showed decreased germination percentage, dry weight and length of seedlings; the germination rate index and plant growth were also affected after 34 h of drying. Drying periods longer than 34 h impair the physiological quality of mangaba seeds, affecting germination and vigor.
INTRODUCTION
Mangaba (Hancornia speciosa Gomes) fruits are very appreciated due to their great aroma and flavor, good digestibility and high nutritional value (Parente et al., 1985) , being source of vitamins A, B1, B2 and C, and phosphorus, calcium and proteins and widely use as frozen pulp for making juice, ice cream, jellies and candies. Mangaba is fruit species native to Brazil, belonging to the Apocynaceae family, with social, cultural and economic importance in areas of occurrence, and the State of Sergipe is the main producer .
In the Northeast region, the extractivism is the main form of exploitation of the species. There accelerated genetic erosion due to large real estate pressure in the coastal tablelands (Santos, 2010) . The exploitation of a *Corresponding author. E-mail: ana.veruska@embrapa.br.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License native species depends mainly on the domain of expertise regarding its occurrence, which is fundamental for the definition of exploitation strategies. In addition to having short longevity, which makes storage difficult, being necessary in general to sowing soon after fruit extraction, mangaba seeds are considered recalcitrant, in which reducing the water content can cause damages, impairing its viability and resulting in seed death (Barros et al., 2010) .
Due to the recalcitrance of seeds, propagation has obstacles, and in addition, inhibiting substance contained in the fruit pulp may obstruct or hinder germination. Inhibitory substances present in the pulp are usually lost when seeds remain under drying conditions. However, knowledge about the level of tolerance of seeds to desiccation is necessary, since recalcitrant seeds do not tolerate dehydration at low water content and suffer damage when stored at low temperature (Sacandé et al., 2004) . This type of seed does not show desiccation tolerance during development, thus, it does not suffer natural drying in the matrix plant, and being released with high water content and with reduction to a level considered critical will lead to loss of viability and even death (Roberts, 1973) .
The loss of water during the drying process in recalcitrant seeds can cause various changes in their metabolism, resulting in deterioration (Pammenter and Berjak, 1999) , since initial damage caused by drying is related to membrane disruption and, consequently, increased electrical conductivity and leaching of sugars (Chen and Burris, 1990) .
Information on the critical and lethal water levels in seeds is necessary for the performance of drying and storage (Santos et al., 2010) . In this sense, the aim of this study was to evaluate the physiological quality of mangaba seeds submitted to drying.
MATERIALS AND METHODS
The experiment was conducted at the Laboratory of Seed Analysis of Embrapa Coastal Tablelands, Aracaju-SE, from April to June 2014. H. speciosa fruits came from native trees located at the Experimental Field of Embrapa Coastal Tablelands, in the municipality of Itaporanga d'Ajuda, SE (11°06'40"S and 37°11'15" W), which were collected ripe under the canopy of different plants, packed in plastic bags and taken to the laboratory. Pulping was manually performed with the aid of a sieve, and then seeds were washed in running water to remove mucilage.
The experimental design was completely randomized, with four treatments (0, 24, 48, 72 h of drying) in five replicates of 25 seeds, totaling 125 seeds per treatment. Data obtained from variables measured in the experiment were submitted to analysis of variance and polynomial regression, testing the linear and quadratic models, choosing the one with the highest R 2 . Analyses were performed using the SISVAR statistical software (Ferreira, 2011) .
After processing, seeds were submitted to treatments consisting of different drying times: 0 (control treatment), 24, 48 and 72 h. Seeds corresponding to the control treatment were sown soon after processing in substrate composed of washed and autoclaved sand, and the other seeds were placed in an oven with air circulation at 30°C. In pre-established intervals, seed samples were collected for the performance of tests and determinations described as follows:
Water content
The water content was determined in oven at 105 ± 3°C for 24 h according to the Rules for Seed Analysis (Brazil, 2009), using five replicates of 20 seeds each per drying period.
Germination
The germination test was performed according to guidelines of the Rules for Seed Analysis -RAS (Brasil, 2009 ), using germination chambers of Biochemical Demand Oxigen type (BOD), equipped with fluorescent lamps under constant temperature of 30°C. After each drying period, five replicates with 25 seeds per treatment were sown in plastic trays containing washed and autoclaved sand as substrate. The counts began on the 15 th day after sowing and germination percentage was performed on the 37 th day after sowing, considering as normal seedlings those with well-developed essential structures.
Germination rate index
Germination rate index was carried out simultaneously to the germination test, with daily counts, always at the same time, from the fifteenth day until the end of the test, being calculated according to the following formula GRI = G1 / N1 + G2 / N2 + ... Gn / Nn, where GRI = germination rate index, G1, G2 and Gn = number of normal seedlings, computed in the first, second ... and last count, respectively; N1, N2, Nn = number of sowing days at first, second ... and last count, respectively (Maguire, 1962) .
Length of seedlings
Seedlings were measured on the 37 th day after sowing, with the help of a ruler graduated in centimeters, measuring from the roots up to the hypocotyl, and the result was divided by the number of seedlings.
Dry weight of seedlings
Seedlings were packaged in paper bags and placed in an oven at 80°C for 24 h, then weighed on an analytical scale and the result expressed in grams (Nakagawa, 1999) .
Stem diameter
At the end of the experiment, the plants were evaluated for stem diameter, using a digital caliper (Aguiar et al., 2005) .
Number of leaves
The leaves were counted in each test plant, withdrawing the average per plot (Alves et al., 2006) .
RESULTS AND DISCUSSION
The analysis of variance for the study variables is found in Table 1 . It was found that the drying periods significantly influenced the physiological quality of seeds (Figures 1  and 2 ). Analyzing the germination percentage results (Figure  3) , it was found that when seeds were submitted to 33 h of drying, there was an increase in the germination percentage, reaching 77%. The low germination percentage in the control treatment (46%) is usually related to the presence of inhibitors in seed mucilage (Oliveira and Valio, 1992) , and the increase in the germination percentage is probably related to elimination of these inhibitors when seeds were submitted to drying; however, desiccation above 33 h affected the physiological quality of mangaba seeds, reaching 38% at 72 h of drying.
Recalcitrant seeds submitted to drying lose viability until reaching hydration level 3 (20 to 33% water content), when they are metabolically active and membranes are hydrated and probably at this level, metabolism is altered, making repair mechanisms less efficient (Marcos Filho, 2005) . These metabolic changes are mainly related to the disruption of membranes, when these seeds reach water content below 25%, occurring to the loss of essential salts embryo development, and values close to those can be considered critical for recalcitrant seeds (Bewley and Black, 1994) . Similar results were found by Barros et al. (2010) on mangaba seeds. They also found that drying up to 36 h at laboratory conditions did not damage the physiological quality of seeds. Magistrali et al. (2013) concluded that desiccation for 1007 h and water content below 10% affected the germination percentage of Genipa americana seeds. In a study with H. speciosa seeds, Barros et al. (2006) found that there was a reduction in the germination percentage when the seeds had water content below 25%.
In relation to vigor, measured by the germination rate index, the results were similar to those obtained in the germination percentage (Figure 4 ). An increase in the speed germination index was observed when seeds remained under drying conditions for 34 h, reaching an index of 0.94, after this period, the germination rate decreased sharply.
The sensitivity of recalcitrant seeds to desiccation involves a complexity of components related to the physiological and biochemical characteristics intrinsic to the species and some factors such as desiccation rate and temperature (Berjak et al., 1993; Farrant et al., 1988) . Therefore, the reduction in the germination percentage is the major consequence of seed deterioration, which is often preceded by decreases in germination rate (Matthews, 1985) .
In Inga ingoides (Rich.) Willd seeds, the germination rate index of seeds was reduced after 26 h of drying and was reaching null values from 96 h (Laime et al., 2011) . Drying of seeds of Bumelia obtusifolia Roem et Schult. Var. Excelsa (DC) reduced the emergence rate in greenhouse under laboratory conditions (Nascimento, 2013) .
Similar to germination rate index and percentage, vigor determined by length and dry weight of seedlings ( Figure  5 ) also were reduced as the drying time increased. Drying over a period of 37 h was responsible for maximum dry weight (0.11 g) of mangaba seedlings; after this time, the dry weight of seedlings was decreased. An increase in the length of seedlings was initially observed (21 cm), corresponding to 32 h of drying, and after this period, there was a reduction in the length of seedlings, reaching 12 cm at 72 h.
Depending on the drying conditions, physiological quality can be affected due to increased deterioration rate (Marcos Filho, 2005) , probably because the drying temperature may have caused physiological changes, thereby reducing the availability of energy reserves for the supply of seedlings .
The results obtained by Santos et al. (2010) on H. speciosa seeds showed that the length of roots was decreased from 8.5 cm when seeds had water content of about 56% to 4 cm, reducing moisture content to 12%. In Braziliancherry seedlings (Eugenia uniflora L.), the greatest epicotyl length was obtained when seeds were dried in the shade at temperature of 27.5°C for a period of 72 h (Sena et al., 2010) . Oliveira et al. (2011) concluded that the dry weight of seedlings from mangaba seeds submitted to drying under laboratory conditions and desiccator remained constant and close (0.0345 and 0.0307 g), respectively, over the evaluation periods. The drying time also influenced plant growth and similarly to germination and vigor, there was a decrease in stem diameter and leaves number (Figure 6 ). Drying over a period of 33 h provided the largest stem diameter (1.0 mm), and plants grown from seeds submitted to 34 h of drying reached the highest leaves plant number (15 leaves / plant). Drying periods above 34 h harmed the Figure 1 . The initial water content of seeds was approximately 40% and a gradual reduction in the water content of seeds was observed during the drying process, reaching 13% with 72 h of drying. This high initial water content of seeds at maturation is usually related to sensitivity to desiccation, and seeds with these characteristics have short viability, especially under conditions of low temperatures and high air relative humidity (Leonhardt et al., 2010) . growth of mangaba plants, as this species is sensitive to desiccation. The decrease in plant growth probably occurred because drying has affected the seed storage tissue, with lower transfer to plant growth (Cardoso et al., 2015) .
Conclusion
The drying of mangaba seeds for a period exceeding 34 h at temperature of 30°C compromises physiological quality and plant growth. 
